Abstract. Protein kinase C (PKC) isoforms regulate cell proliferation and apoptosis. Since the PKC isoenzyme complement varies considerably from cell type to cell type, a PKC's responsiveness to an apoptogenic challenge must be defined for both the type of apoptogen and the type of cell. We have already reported that the changes in the distribution and activity of PKC-‰ in apoptosing polyomavirus-infected/ transformed Fischer rat embryo pyF111 fibroblasts depend on the type of apoptogen. Here, we show that this is also true for PKC-ß I in pyF111 cells treated with the slow DNAdamaging VP-16 (etoposide) or the fast-acting (in the cytoplasm) calphostin C. These apoptogens caused quite different shifts of the PKC-ß I level and activity in the nuclear membrane (NM) and nucleoplasm (NP), but corresponding changes in the cytosol (CS) and cytoplasmic particulate (CP) fractions. The hefty translocation of PKC-ß I onto the CP fraction and its increased activity there suggest the possible triggering of a cytochrome c/caspase-mediated apoptosisinducing mechanism common to both agents. The present results are a necessary lead-up to functional proteomic analyses aimed at identifying the molecules forming the local PKC-ß I signalling modules under different conditions.
Introduction
The expression and intracellular distribution of the several PKC isoforms depend on the functional needs of a particular cell or tissue and its responsiveness to external stimuli (1, 2) . Because of a common catalytic domain they can catalyze the phosphorylation of similar substrates, but it is their membership in variously sited signalling complexes with different components in diverse types of cells that gives them their functional variety (1,2). PKC's signalling is involved in many cellular functions including proliferation and apoptosis (2, 3) . Given the large number of PKC isoforms and their rather small differences, trying to identify their role(s) in any common cell function such as proliferation is a challenging task because of conflicting results from various cell models from diverse species.
PKC-ß I and PKC-ß II are the products of alternatively spliced transcripts of the same gene that differ by only 50 amino acids at their C-tails (4) . PKC-ß I activation requires transphosphorylations by Btk (Bruton's tyrosine kinase) and Syk protein tyrosine kinases (5) as well as autophosphorylations (6) . Site-directed mutagenesis of the autophosphorylation sites (Thr 635 /Thr 642 ) on the C-tail of PKC-ß I affects both the enzyme function and subcellular localization (6) . PKC-ß I is 10 times more sensitive to Ca 2+ than PKC-ß II (7) , but the two 'siblings' are similarly sensitive to diacylglycerols (DAGs) (8) . Both PKC-ßs are involved in cell growth and apoptosis (9) . Various stimuli can induce PKC-ß I to migrate to the nucleus (and nucleus-associated insoluble structures) followed by intra-nuclear proteolysis of its holoprotein in epithelial cells (10) as well as BALB/c 3T3 and C3H10T1/2C 18 mouse fibroblasts (11) . Depending on the cell type, PKC-ß I in various normal and transformed cell types can be involved in stimulating proliferation often with loss of differentiation (10, (12) (13) (14) (15) , or inhibiting proliferation with a stimulation of VP-16 (etoposide) and calphostin C trigger different nuclear but akin cytoplasmic patterns of changes in the distribution and activity of protein kinase C-ß I in polyomavirus-transformed pyF111 rat fibroblasts ANNA CHIARINI 1 , JAMES F. WHITFIELD 2 , UBALDO ARMATO 1 and ILARIA DAL PRA differentiation (16) (17) (18) (19) . Also, depending on the type of cell PKC-ß I may counteract (20, 21) , or be the effector (22) (23) (24) of the actions of various apoptogenic agents.
In previous experiments to define the role(s) of the several PKC isoenzymes in apoptosis, we used polyomavirus-infected/ transformed pyF111 Fischer rat embryo fibroblasts because they are hypersusceptible to apoptogenesis. This hypersusceptibility is due to the cells making the pro-apoptotic mitochondrial pore-forming Bax protein, but not the antiapoptogenic Bax-blocking Bcl-2 and Bcl-X L proteins (25) (26) (27) (28) . We found that the slow-onset apoptogenesis triggered by topoisomerase-II inhibitors like etoposide (VP-16) (29) and the rapid-onset apoptogenesis triggered by the PKC and phospholipase inhibitor calphostin C (30) caused different changes in the intranuclear distribution and specific activity of PKC-‰, although they both increased the amount and activity of cytoplasmic particulate (CP)-bound PKC-‰ holoenzyme (26, 27) . Then, we turned our attention to the PKC-ß 'siblings'. Since the two isoenzymes are structurally similar, they would be expected to respond likewise to apoptogens (16) . They both move to the nuclei of apoptosing pyF111 cells, but they perform different tasks when they get there. In VP-16-treated cells PKC-ß II , but not PKC-ß I , is an apoptotic lamin kinase that forms a large complex in the nuclear membrane with lamin B1 as well as the caspase 6 protease, which by destroying the phosphorylated lamin disrupts nuclear structure and function (28) . Hence, we have begun searching for clues to any role(s) PKC-ß I might have in apoptosis by studying the intracellular movements of enzymes in apoptosing pyF111 cells. We show that VP-16 and calphostin C do indeed affect differently the nuclear membrane and nucleoplasmic distribution and specific activity of PKC-ß I just as they do for PKC-ß II and PKC-‰ (26-28), but they cause (though with obvious different timings) similar PKC-ß I -related changes in the cytosolic and cytoplasmic particulate fractions.
Materials and methods
Cell cultures. Polyomavirus-infected/transformed pyF111 Fischer rat embryo fibroblasts were cultured and handled as previously detailed (26) (27) (28) .
Apoptosis induction and detection. Experiments were started by planting 1.2x10 6 cells in each of several F-160 flasks. Twenty-four hours later (i.e. at the experimental '0-h'), the cells in some flasks were sampled ('0-time' controls), the medium in some other flasks was replaced with the same, but fresh, medium (control group), while the medium in the remaining flasks was replaced by fresh medium containing either the topoisomerase-II inhibitor VP-16 [etoposide or 4N-demethyl-epipodophyllotoxin 4-(4,6-O-ethylidene-ß-Dglucopyranoside) 1.0 μg ml -1 (29) ] or calphostin C (UCN-1028C; 75 nM) (both from Sigma Chemical Co., St. Louis, MO), a perilenequinone metabolite of the fungus Cladosporium cladosporioides reported to inhibit PKC (and phospholipase) activity by competing with diacylglycerol and phorbol esters for binding to the enzyme's C1 regulatory domain (30) . After being added to the culture growth medium ('0-h'), calphostin C was activated by illumination for 0.5 h with ordinary fluorescent light (apoptosis group) and incubated in the dark. Control cultures without calphostin C in their medium were also illuminated. The medium was not changed again during observation periods that ranged from 6 to 72 h for the VP-16-treated group and from 15 min to 4.5 h for the calphostin C-exposed group, whose medium after the illumination contained photoactivated calphostin C. Cell viability was assessed by means of epifluorescence microscopy according to Amarante-Mendez et al (31) , using a solution (1:1 v/v ) of acridine orange (AO; 0.1 mg ml -1 in PBS; filter setting for FITC) and ethidium bromide (EB; 0.1 mg ml -1 in PBS; specific filter setting for rhodamine) (both from Molecular Probes, Inc., Eugene, OR).
Subcellular fractionation. Cells were harvested by scraping them into cold PBS and then centrifuging the suspension at 200 x g for 10 min. The sedimented cells were carefully resuspended in a solution containing 10 mM Hepes, pH 7.9, 10 mM KCl, 1.0 mM MgCl 2 , 1.0 mM DTT, 20 μM sodium orthovanadate, and a complete EDTA-free protease inhibitor cocktail (Roche Diagnostics S.p.A., Milan, Italy), chilled on ice for 15 min, and gently lysed by adding 0.6% v/v Nonidet P40. The lysate was spun down at 200 x g for 10 min to produce the P1 (or N) pellet, containing the nuclei, and the SN1 supernatant. The P1 fraction was quickly suspended in a large volume of hypotonic buffer (10 mM Tris pH 7.4, 10 mM Na 2 HPO 4 , 1.0 mM DTT, 20 μM sodium orthovanadate, and a complete EDTA-free protease inhibitor cocktail (Roche Diagnostics S.p.A.), containing DNase I and heparin (0.2 and 5 mg/mg of nuclear protein, respectively). This suspension was incubated at 4˚C for 45 min, and then centrifuged at 9500 x g for 15 min. The resulting pellet was the nuclear membraneenriched NM fraction, and the supernatant was the nucleoplasmic NP fraction. The SN1 supernatant was centrifuged at 100,000 x g for 1 h. It yielded the SN2 supernatant or cytosolic fraction (CS), and the P2 pellet or cytoplasmic particulate fraction (CP). The purities of these various fractions were assessed from their contents of the cytosolic marker lactate dehydrogenase (E.C. 1.1.1.27) measured by the method of McIntosh and Plummer (32), the plasma membrane marker 5'-nucleotidase (E.C.3. 1.3.5) measured by the method of Ipata as modified by McIntosh and Plummer (32) , and the nuclear marker lamin B assessed by Western immunoblotting (26, 28) .
Western immunoblotting. The protein contents of the subcellular fractions were assayed by the Bradford method (33). Western immunoblots were prepared as previously described (26) (27) (28) . To immunodetect PKC-ß I , the blots were probed with a rabbit IgG polyclonal antibody that recognized its specific carboxy-terminal sequences (final dilution 1.0 μg ml -1 ; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). All the PKC-ß I -specific staining could be suppressed by adding the peptide against the antibody it was raised (Santa Cruz Biotechnology, Inc.). Some blots were also probed with mouse polyclonal antibody (final dilution: 1.0 μg ml -1 ) to detect lamin B1. Blots were next incubated with alkaline phosphataseconjugated anti-rabbit IgG (Santa Cruz Biotechnology, Inc.), and stained with BCTP/NBT liquid substrate reagent (Sigma). Pictures of the specific bands in the developed blots, taken with an Olympus Camedia C-3030™ digital camera, were densitometrically analyzed using Sigmagel™ software (Jandel Corp., Erkrath, Germany).
Immunoprecipitation of PKC-ß I . The same amount of protein from each subcellular fraction was used for immunoprecipitation experiments. The protein was incubated at 4˚C for 3 h with the anti-PKC-ß I antibody (Santa Cruz Biotechnology, Inc.) conjugated to Immunopure ® immobilized protein A (Pierce Chemical Co., Rockford, IL). The immunocomplexbearing beads were collected by centrifugation at 2500 rpm for 5 min at 4˚C, and washed 5 times with TBS (20 mM Tris pH 7.4, 200 mM NaCl), 1.0 mM DTT, 20 μM sodium orthovanadate, and complete EDTA-free protease inhibitor cocktail (Roche Diagnostics S.p.A.). After a final wash, the immunocomplex-bearing beads were resuspended in TBS and their PKC-ß I -specific activity assayed.
Assay of immunopurified native and calcium-stimulated PKC-ß I activities.
A colorimetric PKC assay kit, the Spinzyme Format™ (Pierce Chemical Co.) including the ε-peptide as a colorimetric substrate was used to selectively measure PKC-ß I native activities immunoprecipitated from the various subcellular fractions (26) (27) (28) . PKC-ß I activities were also tested after adding exogenous calcium (0.5 mM) to the same assay mixtures. The results were expressed in arbitrary units calculated for each sample as the ratios between optical density values and micrograms of the immunoprecipitated protein.
Statistical analysis. Statistical significance was assessed by one-way ANOVA test with Bonferroni's post hoc multiple comparison test: only differences with p<0.05 were regarded as significant.
Results

Apoptosis induction in pyF111 cells.
The numbers of substrate-adhering cells in untreated pyF111 cultures increased 10-fold between '0' h (i.e., 24 h after planting in flasks and a fresh medium change at 24 h) and 72 h when >99.7% of the cells were still viable (data not shown) (25) . The responses of pyF111 cells to VP-16 and calphostin C have been previously described (26) (27) (28) . Briefly, VP-16 (1.0 μg ml -1 ) immediately stopped the fibroblasts proliferating by inhibiting the topoisomerase II activity needed to progress through mitosis (28, 29) . Apoptogenesis started 24 h later and by 48 h 58% of the cells were dead, and by 72 h 73% were dead (Fig. 1) . By contrast, exposure to calphostin C (75 nM), both during and after its 30-min photoactivation, had induced apoptosis in 30% of the cells after 1.25 h. By 2.5 h 65% of the cells were dead and by 4.5 h 93% were dead (Fig. 1) .
Apoptotic changes in PKC-ß I subcellular distribution and activity.
NM (nuclear membrane) fraction. At '0'-time there was abundant 80-kDa PKC-ß I holoenzyme in the lamin B-enriched NM fraction, but there were few 47-kDa carboxy-terminal (CF)-ß I fragments ( Fig. 2A and B) . The 0-h immunoprecipitable native PKC-ß I activity in the NM was not increased by adding exogenous calcium (0.5 mM) to the assay mixtures, indicating that untreated cells had virtually no calciumactivatable PKC-ß I molecules in their nuclear envelopes ( Fig. 2A and B) .
VP-16. After a -35% (p<0.05) drop during the first 24 h, the amount of PKC-ß I holoenzyme in the NM started accumulating and had more than doubled (p<0.001) by 72 h with respect to 24 h (Fig. 2A) . The holoenzyme cleavage stopped and the 47-kDa CF-ß I fragments disappeared between 0 and 24 h. However, cleavage resumed and the CF level rose by >40% (p<0.02) vs. the 0-time levels along with the accumulating holoenzyme between 24 and 48 h and then plateaued ( Fig.  2A) . The immunoprecipitable PKC-ß I native activity in the NM doubled by 24 h and trebled by 48 h (in both cases, p<0.001), reaching a 3.3-fold level by 72 h (p<0.001 vs. 0-h values) ( Fig. 2A) . Adding calcium (0.5 mM) to the assay mixture at 24 h did not affect the kinase activity, but adding it at 48 and 72 h further increased by 1.5 times (p<0.001 at either time point), i.e. five-fold its 0-h level the PKC-ß I activity in the NM (Fig. 2A) . Therefore, a significant fraction of the PKC-ß I molecules that accumulated in the nuclear envelope after 24 h could be activated by Ca 2+ (Fig. 2A) . Unlike the closely related PKC-ß II in apoptosing VP-16-treated pyF111cells (28) , the PKC-ß I moving into the nuclear membrane along with it did not complex with lamin B1 and, therefore, did not co-immunoprecipitate with the lamin B1 from the NM fractions of VP-16-or calphostin C-treated cells (not shown).
Calphostin C. In contrast to the accumulation of PKC-ß I in the NM of VP-16-treated cells occurring after 24 h (Fig. 2A) , the levels of PKC-ß I holoenzyme and its 47 kDa CF-ß I fragment did rise and fall slightly yet not significantly between 0 and 4.5 h (Fig. 2B) . The immunoprecipitable PKC-ß I native kinase activity exhibited marginal fluctuations prior to a slow decrease from 45 min onwards as the cells were dying (Fig. 2B) . There was no appreciable appearance of a Ca 2+ -activatable PKC-ß I pool in the NM as there was in the VP-16-treated cells ( Fig. 2A and B) .
NP (nucleoplasm) fraction.
A significant amount of PKC-ß I holoenzyme, but not its CF-ß I fragment, was initially detectable in the NP fraction of pyF111 cells, where it was associated with the highest levels of native activity of all fractions. This activity was slightly (+19%) but not significantly increased by adding Ca 2+ to the assay mixtures ( Fig. 3A and B) . VP-16. The amount of PKC-ß I holoenzyme remained steady for 24 h and then began slowly falling to 74% (p not significant) of the starting value by 72 h (Fig. 3A) . Conversely, the immunoprecipitable native activity, which had dropped an insignificant 23% by 24 h, doubled (p<0.001) within the next 24 h, and then dropped (Fig. 3A) . Adding calcium to the assay mixture increased the activity levels (24 h: +55%, Figure 2 . Nuclear membrane (NM) fraction. The distinct effects of VP-16 (A) and calphostin C (B) on the levels of PKC-ß I holoenzyme, 47-kDa carboxyterminal (catalytic) fragment (CF), and immunoprecipitable activities in the NM (nuclear envelope) fraction of pyF111 cells. Cells were treated with either 1.0 μg ml -1 VP-16 or 75 nM calphostin C, sampled, and their NM fraction isolated; immunoblots were set up and activity assays performed with NM fractions as detailed in Materials and methods. The immunoblots and the points on the densitometric and specific activity curves are representative of at least four separate experiments carried out with each apoptogen in triplicate. The bands of the 80-kDa PKC-ß I holoenzyme and its 47-kDa CF were visualized by an antibody directed against a ß I -specific amino acid sequence in the enzyme's C-terminus. SEMs, not shown, were within ±12% of the corresponding mean values. The indication 'with calcium' means that PKC-ß I -activity was also measured after adding exogenous calcium (0.5 mM) to the assay mixtures in which native activity had been assessed. * p<0.001 with respect to related 0-h values; °°, p<0.001 with respect to values of corresponding time points.
p<0.01; 48 h: +20%, p not significant; and +47%, p<0.01 vs. the native values of corresponding time points) (Fig. 3A) .
Calphostin C. The holoenzyme rose by 40% (p<0.02) between 0 and 45 min but then dropped sharply to only about 44% of the starting level (p<0.01) by 1.25 h to plateau thereafter (Fig. 3B) . The native PKC-ß I activity did not change during the first 30 min but, despite the post-illumination presence of activated calphostin C, then rose 32% (p<0.05) between 30 and 1.25 h, stayed close to that level until 2.5 h, and then dropped by 63% (p<0.001) between 2.5 and 4.5 h (Fig. 3B) . Calcium further increased the PKC-ß I activity by 20 (p not significant), 32 (p<0.05), and 44% (p<0.02) when added to the assay mixture at 1.25, 2.5, and 4.5 h, respectively (Fig. 3B) .
Hence, a Ca 2+ -activatable pool of PKC-ß I holoenzyme was maintained in the NP fractions of calphostin C-treated cells as well as in the NP fractions of untreated and VP-16-treated cells (Fig. 3A and B) .
CS (cytosolic) fraction.
The PKC-ß I holoenzyme, but not its CFs, existed in the untreated CS fractions of pyF111 cells, where it was associated with a rather low level of immunoprecipitable native activity that was not significantly affected by adding Ca 2+ to the assay mixture ( Fig. 4A and B) . VP-16. The holoenzyme levels progressively declined (24 h: -23%, p not significant; 48 h: -34%, p<0.05; 72 h: -47%, p<0.02), while its native activity did not change between 0 and 24 h, but increased (+45%, p<0.02) between 24 and 48 h, thereafter falling back to below starting levels (Fig. 4A) . However, adding calcium to the assay mixture increased the immunoprecipitable activity by as much as 52% (p<0.01) only at 24 h (Fig. 4A) .
Calphostin C. After the first 30 min the PKC-ß I holoenzyme level started falling reaching its lowest level at 2.5 h (-53%, p<0.01) to increase again thereafter (48 h: -18%, p not significant vs. 0-h values). As with VP-16-treated cells, there were no detectable CFs at any time point (Fig. 4A and B) . During the first 30 min, while the calphostin C was being photoactivated and the holoenzyme levels did not change, the immunoprecipitable enzymatic activity disappeared; hence, PKC-ß I was inactivated (Fig. 4B) . Of course, this should have been expected from activating a protein kinase C inhibitor such as calphostin C. However, the inactive PKC-ß I molecules recovered rapidly thereafter and, surprisingly, the immunoprecipitable PKC-ß I activity surged dramatically upwards between 30 and 75 min to two-fold its '0'-h level (p<0.001) notwithstanding the concurrent fall in holoenzyme moieties, to finally collapse by 4.5 h as the cells were dying and evidently inactive holoenzymes were returned to the cytosol. A sizeable calcium-inducible activity was detectable at 0.25 h (+150%, p<0.001), 0.75 h (+37%, p<0.05) and 2.5 h (+50%, p<0.01) (Fig. 4B) . CP (cytoplasmic particulate) fraction. The PKC-ß I holoenzyme, but not its CF, was also in the CP fraction associated with an immunoprecipitable activity that could not be increased by adding calcium (Fig. 5A and B) .
VP-16. The holoenzyme was massively translocated to the CP fraction, where it accumulated in great amounts as it increased 3-fold by 24 h, 7-fold by 48 h and 17-fold by 72 h (p<0.001 at each time point) (Fig. 5A ). Yet, there were no CFs. However, the immunoprecipitable native activity rose only by +63% (p<0.001) between 24 and 48 h, and then began dropping; clearly, most of the translocated holoenzyme moieties were inactive or rapidly inactivated. Adding calcium to the assay mixtures further increased the immunoprecipitable activity by 51% (p<0.02) only at 24 h as in the CS fraction (Fig. 5A) .
Calphostin C. The PKC-ß I holoenzyme rose 64% (p<0.001) between 0 and 2.5 h then dropped (Fig. 5B) . As occurred in the CS fraction (Fig. 4B) , the rising holoenzyme was inactivated and the immunoprecipitable PKC-ß I activity vanished during the first 30 min while the calphostin C was being photoactivated. Then again as in the CS fraction, the PKC-ß I holoenzymes recovered when the illumination stopped and the immunoprecipitable activity surged dramatically to 3.2-fold the 0-h value (p<0.001) by 1.25 h, but then again dropped below the starting value by 4.5 h as the cells were dying. Except for a significant rise at 2.5 h (+41%, p<0.02), there was no Ca 2+ -inducible kinase activity (Fig. 5B) .
Discussion
VP-16 and calphostin C trigger apoptosis differently in polyomavirus-transformed pyF111 cells (26) (27) (28) . VP-16-treated cells take as long as one day just to start the apoptotic execution phase and then a further one to two days to die, while calphostin C-treated cells start the execution phase in only minutes and are dead by 6 h. Evidently, there is some common triggering event(s) that happens at different times in the two cases. Could PKC-ß I , like its PKCß II 'sibling' (28), somehow be involved in driving the cells along different paths to a common apoptotic death?
The PKC-ß I holoenzyme exists in all of the main compartments, particularly the NP and CS fractions, of the pyF111 rat fibroblasts, but its 47-kDa CF is found only in the NM fraction. The kinase is also active in all of the main fractions with the highest level of activity being in the NP followed by the NM where it collects after exposure to VP-16. We do not know the PKC-ß I substrates in pyF111 cells. Nor do we know why PKC-ß I is cleaved into its 47-kDa CF only in the NM fraction, where VP-16-treated pyF111 cells also put PKC-ß II and PKC-‰ and cleave them into their CFs (26) (27) (28) . However, unlike PKC-ß II and PKC-‰, PKC-ß I does not complex with and help drive the destruction of nuclear envelopeassociated lamin B1 as does PKC-ß II in the VP-16-treated pyF111 cells (28) .
The translocation and attachment of various PKCs to the nuclear membrane and cytoplasmic particulate (CP) components are parts of their activation mechanisms (34) . The nuclear membrane-attached holoenzymes are activated by intracellular Ca 2+ surges and lipid messengers cut out of membrane phospholipids by signal-activated membraneassociated phospholipases (35) . The CFs in the nuclear membrane are constitutively activated when the holoenzyme N-terminal regulatory domains are chopped off at their 'hinge regions' by proteases such as neutral calpains I and II (36) . Phosphorylation of proteins by the PKC holoenzymes and their CFs on either side of the nuclear membrane are believed to affect: i) the transport of gene transcription factors into the nucleus (37) ; ii) the activity of enzymes such as topoisomerase-II, which is part of the nuclear scaffold and is involved in chromosome condensation at prophase and chromosome separation at anaphase (29) ; iii) the breakdown of lamin B1 during apoptosis (28) ; and iv) the activities of chromatin associated with the NM and the lamin network (28, 38) .
The high basal levels of PKC-ß I activity in the nuclear envelopes of control ('0'-time) cells suggest that this kinase contributes both to the survival and proliferation of pyF111 fibroblasts. The increases in PKC-ß I activity at the NM caused by VP-16 and the lack of response to calphostin C at the NM could somehow be respectively linked to the DNA damage induced by the topoisomerase-II inhibitor, and to cytoplasmic activities being primarily caused by singlet oxygen and other reactive oxygen species generated during the 30-min photoactivation of calphostin C (39,40) . However, not all PKC isoforms at the NM are activated by VP-16: PKC-‰ activity undergoes an early, dramatic and persistent decline in VP-16-treated cells while also undergoing virtually no changes in calphostin C-exposed cells (26, 27) . Thus, the opposite VP-16-induced changes of PKC-ß I and PKC-‰ underscore the complexity of the various PKC isoform-related responses to this same DNA-damaging agent at the NM.
The presence and very high basal activity of the PKC-ß I holoenzyme in the nucleoplasm (NP) of untreated pyF111 cells is in keeping with reports of it being involved in modulating gene expression (41, 42) and fibroblast proliferation (10) . By contrast, PKC-ß I 's 'sibling' PKC-ß II does not get into the nucleoplasm (28) and only active PKC-‰ CFs are found there (26, 27) . Although the times of onset of the increases in nucleoplasmic PKC-ß I activity in the pyF111 cells differ widely according to the apoptogen [1440 min (24 h ) in VP-16-treated cells; 30-45 min in calphostin C-treated cells], in both cases they appear to coincide with the actual onset of the execution phase of apoptosis. Similarly, the later decline in PKC-ß I activity seem to be linked to the late stages of apoptosis execution and death of the cells. Thus, PKC-ß I signalling may be involved in starting the execution phase. However, a role for a PKC in calphostin C action would seem to be unlikely because of calphostin C being a PKC inhibitor. The answer to this apparent contradiction could lie in a surprising consequence of the initial 30-min photoactivation of calphostin C on PKC-ß I activity. Both VP-16 and calphostin C decreased the actual amounts of cytosolic holoenzyme moieties, which were translocated onto nuclear and/or cytoplasmic membranes. However, products generated during calphostin C's photoactivation inactivated the cytosolic (CS) and cytoplasmic particulate (CP) fraction PKC-ß I . When the photoactivation was finished and the light was turned off, the CS-and CP-bound PKC-ß I recovered with a large, sharp overshoot of activity. i.e., photoactivation products had actually resulted in a net stimulation of PKC-ß I activity despite the continuing presence of a now-activated calphostin C.
The cytoplasm harbours cytochrome c, a potential apoptosis trigger. We have shown that the topoisomerase IIinhibiting mitosis-blocking VP-16 abruptly stops pyF111 cells from proliferating (26) (27) (28) and causes cytochrome c to spill out of their mitochondria into the cytosol during the first hour of treatment (26, 27) . This apoptogenesis-triggering early release of mitochondrial cytochrome c happens long before the activation of the lethal downstream caspases such as caspase-3. By briefly (30 min) inhibiting cytoplasmic PKC-ß I activity, calphostin C also causes a Bax-induced caspase-3-activating release of cytochrome c from mitochondria (43) , but it works much faster than VP-16. Both apoptogens also cause the PKC-ß I holoenzyme to load into the CP fraction: the VP-16-elicited build-up is large, while the calphostin C-induced loading is smaller, given the much shorter survival time allowed by this apoptogen, but around 2.8 times faster than VP-16's. Though with different timings, a fraction of the PKC-ß I translocated onto the CP fraction was active, and the phosphorylation of a CP component(s) by the PKC-ß I may be part of a common cytochrome c/caspaseinduced apoptotic trigger mechanism. However, the phosphorylation of this critical CP component by PKC-ß I in the calphostin C-treated cells would have to occur during the enzyme's post-calphostin C-photoactivation burst of activity. The importance of this CP fraction is further suggested by the fact that both VP-16 and calphostin C also loaded it with the PKC-ß I holoenzyme and increased its activity there (27) .
The present results are the first indication, to our knowledge, that the ways by which PKC-ß I signalling is involved in apoptosis, just like PKC-‰ signalling (26) (27) (28) , depend on the mechanism(s) of action of the particular type of apoptogen. Thus, agents such as VP-16 that damage DNA influence PKC isoform signalling at the NM and NP fraction differently from calphostin C that acts primarily in the cytoplasm. The similarity of the shifts of PKC-ß I and PKC-‰ in the CP fraction induced by these very different apoptogens points to this fraction being the likely site of a common apoptogenesis starter. We should investigate which proteins associate with PKC-ß I and PKC-‰ forming specific signalling complexes or packets (44) , and which substrates each PKC isoform phosphorylates in the subcellular fractions, especially the CP fraction, of untreated and of apoptosing fibroblasts, and whether these phosphorylations are involved in starting and driving apoptosis. Therefore, the present study is a necessary preliminary step for further investigations to be carried out by methods of functional proteomics (45) .
In conclusion, the results of our previous (26) (27) (28) and present experiments suggest that the pattern of activation and inhibition of PKC isoforms in the various subcellular fractions depends on the apoptogenic agent in polyomavirus-transformed rat fibroblasts. This indicates significant differences in the substrates phosphorylated by PKCs and their active CFs in the various cellular fractions that nevertheless have the same endpoint, apoptotic death. Hence, both the cell type and the apoptogen must be considered in order to adequately understand the roles of PKC signalling in drug-induced apoptosis.
